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Sta tement  of Research - The u l t i m a t e  a i m  of a l l  work 

of t h i s  s o r t  is t o  be able t o  p r e d i c t  and c o r r e l a t e  impor tan t  

p r o p e r t i e s  of gases ,  e s p e c i a l l y  a t  h igh  t empera tu res .  It is 

conven ien t  t o  c l a s s i f y  our work i n t o  three c a t e g o r i e s  co r re spond ing  

t o  three l e v e l s  of t h e  problem, s t a r t i n g  from t h e  molecular  l e v e l .  

(a) In t e rmolecu la r  Forces .  W e  have f i n i s h e d  a s t u d y  of t h e  

n o n a d d i t i v i t y  of three-body forces, and t h e  manuscr ip t  is about  

t o  be submi t t ed  fo r  p u b l i c a t i o n .  The t h i r d  v i r i a l  c o e f f i c i e n t  is 

a t empt ing  q u a n t i t y  t o  i n v e s t i g a t e  f o r  n o n a d d i t i v i t y  effects, 

s i n c e  it i n v o l v e s  only  three p a r t i c l e s  and can  be measured e x p e r i -  

men ta l ly .  W e  first developed a model for nonadd i t ive  three-body 

forces and t h e n  used it t o  i n v e s t i g a t e  t h e  behavior  of t h e  t h i r d  

v i r i a l  c o e f f i c i e n t .  The effects w e r e  found t o  be non-neg l ig ib l e ,  

b u t  u n f o r t u n a t e l y  w e r e  r a t h e r  dependent on t h e  model assumed fo r  

t h e  two-body forces. Our major c o n c l u s i o n  w a s  t h u s  t h a t  f u r t h e r  

knowledge of three-body forces a p p e a r s  c o n t i n g e n t  on improvement 

i n  t h e  e x i s t i n g  knowledge of two-body f o r c e s .  

Munn and Smith have c o l l a b o r a t e d  i n  a d e t a i l e d  s t u d y  of 

t h e  i n t e r a c t i o n  p o t e n t i a l  of t h e  i n e r t  gases ,  based on the i r  

machine program f o r  t h e  r a p i d  c a l c u l a t i o n  of t r a n s p o r t  p r o p e r t i e s .  

T h i s  is scheduled  for p u b l i c a t i o n .  

I n  c o l l a b o r a t i o n  w i t h  P r o f e s s o r s  I. Amdur and I. Oppenheim 

of M.I.T., w e  undertook a n  a n a l y s i s  of some of t h e  t r a n s p o r t  

p r o p e r t i e s  of hydrogen and deuter ium t o  look  f o r  a d i f f e r e n c e  i n  

t h e i r  i n t e r m o l e c u l a r  p o t e n t i a l s  which had been i n d i c a t e d  by second 



v i r i a l  c o e f f i c i e n t s  and p o l a r i z a b i l i t i e s .  The a n a l y s i s  i n d i c a t e d  

t h a t  there is a d i f f e r e n c e  i n  t h e  p o t e n t i a l s  which is c o n s i s t e n t  

w i t h  t h e  d i f f e r e n c e  i n f e r r e d  from t h e  o ther  measurements. Th i s  

work is scheduled  f o r  p u b l i c a t i o n .  

(b) A t o m i c  and Molecular  C o l l i s i o n s .  W e  have f i n a l l y  f i n i s h e d  

t h e  computa t ions  on t h e  rainbow s c a t t e r i n g  of molecules  acco rd ing  

t o  t h e  Airy approximation,  and have submi t ted  t h e  work f o r  

p u b l i c a t i o n .  

I n  c o l l a b o r a t i o n  w i t h  P r o f e s s o r  B a r r y  Block of t h e  Phys ics  

Department, w e  d e r i v e d  a n  expres s ion  f o r  the  radiometer f o r c e  

(or Knudsen gauge force) w h i c h  is v a l i d  over  a ve ry  large p r e s s u r e  

range.  The r e s u l t s  can be used t o  o b t a i n  i n e l a s t i c  c o l l i s i o n  

cross s e c t i o n s  ( r o t a t i o n a l  r e l a x a t i o n  t i m e s )  from t h e  d e t a i l s  of 

measured radiometer forces as a f u n c t i o n  of gas  p r e s s u r e .  T h i s  

work has  been submi t t ed  f o r  p u b l i c a t i o n .  

(c) Transpor t  and O t h e r  P r o p e r t i e s .  W e  have con t inued  t o  u s e  

t h e  Smith-Munn machine program f o r  c a l c u l a t i n g  c o l l i s i o n  i n t e g r a l s  

f o r  i n t e r e s t i n g  models of i n t e r m o l e c u l a r  forces. A s h o r t  n o t e  

has  been accep ted  f o r  p u b l i c a t i o n ,  on c o l l i s i o n  i n t e g r a l s  f o r  t h e  

r e p u l s i v e  sc reened  Coulomb p o t e n t i a l .  W e  have also f i n i s h e d  

c a l c u l a t i o n s  of c o l l i s i o n  i n t e g r a l s  f o r  molecules  w i t h  permanent 

quadrupole  moments (12-6-5 p o t e n t i a l )  and f o r  t h e  g e n e r a l  a t t r a c t i v e  

or r e p u l s i v e  sc reened  Coulomb (Debye-Hkkel) p o t e n t i a l .  Th i s  l a s t  

w i l l  be u s e f u l  i n  ou r  s tudy  of t r a n s p o r t  p r o p e r t i e s  i n  p a r t i a l l y  

ion ized  gases ,  which is now i n  p r o g r e s s .  W e  have n o t  y e t  had t i m e  

r 
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t o  a n a l y z e  any of t h e s e  c a l c u l a t i o n s  i n  d e t a i l ,  however, and t o  

prepare a n y t h i n g  f o r  p u b l i o a t i o n .  

A summer s t u d e n t  on  l e a v e  f r o m  h i s  permanent p o s i t i o n  i n  

t h e  Cryogen ics  D i v i s i o n  of NBS, Bou lde r ,  D.E. D i l l e r ,  used  o u r  

quantum-mechanical c o l l i s i o n  i n t eg ra l s  t o  make a comple te  phase- 

s h i f t  c a l c u l a t i o n  of t h e  low-temperature  t r a n s p o r t  properties of 

Ha,  D2, and HD. T h i s  work is s t i l l  b e i n g  w r i t t e n  up. 
t 

P u b l i c a t i o n s  - During  t h e  las t  six months, t h e  f o l l o w i n g  

papers have appea red  i n  t h e  s c i e n t i f i c  l i t e r a t u r e :  

HEAT CONDUCTIVITY OF POLYATO?dIC AND POLAR GASES AND GAS MIXTURES. 
L. Monchick, A.N.G. Pereira, and E.A. Mason, J. Chem. Phys. 42 
3 2 4 1 ( 1  May 1965). 

-’ 

HIGHER-ORDER STATIONARY PHASE APPROXIMATIONS I N  SEMICLASSICAL 
SCATTERING. F.J. Smith,  E.A. Mason, and  J.T. V a n d e r s l i c e ,  J. Chem. 
Phys. - 42, 3257(1 May 1965). 

COLLISION INTEGRALS FOR THE EXPONENTIAL ATTRACTIVE POTENTIAL. 
R . J .  Munn, E.A. Mason, and F.J. Smith,  Phys. F l u i d s  - 8 ,  1103 
(June  1965). 

VIRIAL COEFFICIENTS FOR THE EXPONENTIAL REPULSIVE POTENTIAL. 
A.E. Sherwood and  E.A. Mason, Phys. F l u i d s  - 8 ,  1577(September 1965). 

I n  a d d i t i o n  t o  t h e  above p u b l i s h e d  p a p e r s ,  t h e  f o l l o w i n g  

have  been  a c c e p t e d  or s u b m i t t e d ,  b u t  have  n o t  y e t  appeared i n  

p r i n t :  

CLASSICAL COLLISION INTEGRALS FOR THE REPULSIVE SCREENED COULOMl3 
POTENTIAL. F.J. Smi th ,  E.A. Mason, and  R . J .  Munn, Phys. F l u i d s  
- 8 ( schedu led  for  October  1965).  

INTERACTION POTENTIAL OF THE INERT GASES. 11. R . J .  Munn and  
F .J .  Smith,  J. Chem. Phys. 42 ( schedu led  f o r  December 1965). 

DIFFERENCES I N  THE SPHERICAL INTERMOLECULAR POTENTIALS OF HYDROGEN 
AND DEUTERIUM. E.A. Mason, I. Amdur, and I. Oppenheim, J. Chem. 
Phys. - 42 ( schedu led  for 15 December 1965). 
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MOLECULAR INELASTIC COLLISION CROSS SECTIONS FROM. THE RADIOMETER 
FORCE. E.A. Mason and B. B l o c k ,  submi t t ed  t o  Ann. P h y s i c s  (N.Y.). 

MOEECXJLAR RAINBOWS FOR THE 12-6 POTENTIAL I N  THE AIRY APPROXIMATION. 
E.A. Mason, R . J .  Munn, and F.J .  Smith,  submi t t ed  t o  J. Chem. Phys. 

NONADDITIVITY OF INTERMOLECULAR FORCES: EFFECTS ON THE THIRD VIRIAL 
COEFFICIENT. A.E. Sherwood, A.G. De ROCCO, and E.A. Mason, 
J. Chem. Phys. ( t o  be submi t t ed ) .  

Pe r sonne l  - D r .  A.E. Sherwood l e f t  i n  J u l y  t o  accept 

a permanent p o s i t i o n  a t  t h e  Lawrence R a d i a t i o n  Labora tory  a t  

Livermore.  D r .  W.S. Magee, who w a s  t o  have begun h e r e  as a 

p o s t d o c t o r a l  r e s e a r c h  associate i n  September,  w a s  needed t o  f i l l  

an  unexpected permanent opening i n  t h e  Chemistry Department 

a t  Dartmouth caused  by a sudden d e a t h  on t h e i r  f a c u l t y .  W e  were 

asked  by Dartmouth t o  release Dr. Magee from h i s  commitment h e r e ,  

which w e  w e r e  g l a d  to do. "his throws o u r  r e s e a r c h  p l a n s  f o r  

work on  t r a n s p o r t  i n  v e r y  h i g h  t empera tu re  gases s l i g h t l y  off  

s c h e d u l e ,  b u t  n o t  s e r i o u s l y .  Dr. C a r l  Nyeland is expec ted  t o  

a r r i v e  from t h e  U n i v e r s i t y  of Copenhagen, Denmark, i n  January ,  

and is p l a n n i n g  t o  work on t h e  problem o f  c o l l i s i o n s  i n v o l v i n g  

a n  atom i n  a n  e l e c t r o n i c a l l y  e x c i t e d  s ta te ,  and t h e  problem of 

e x c i t a t i o n  exchange. 

There are t w o  v i s i t o r s  h e r e  a t  p r e s e n t  whose i n t e r e s t s  

are such  t h a t  t h e y  may w i s h  t o  work on problems r e l e v a n t  t o  t h e  

p r e s e n t  g r a n t .  P r o f e s s o r  T.S. S t o r v i c k  is on s a b b a t i c a l  l e a v e  f r o m  

t h e  C h e m i c a l  Eng inee r ing  Department of t h e  U n i v e r s i t y  of Missour i .  

H i s  i n t e r e s t s  are i n  e q u i l i b r i u m  and t r a n s p o r t  p r o p e r t i e s  of f l u i d s .  

D r .  T.H. S p u r l i n g  h a s  a g r a n t  from t h e  A u s t r a l i a n  government t o  

spend a y e a r  h e r e .  H i s  i n t e r e s t s  are i n t e r m o l e c u l a r  forces and 
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s t a t i s t i c a l  mechanics.  

Graduate  s t u d e n t s  are a l s o  working on research problems 

connec ted  w i t h  t h e  p r e s e n t  g r a n t ,  a l t h o u g h  none of them is 

c u r r e n t l y  drawing any s a l a r y  f r o m  it. M r .  D.E. D i l l e r ,  who has 

a l r e a d y  been mentioned, worked t h i s  p a s t  summer on research here, 

a f te r  classes w e r e  f i n i s h e d .  Mr. J.W. Mer iwe the r  is p l a n n i n g  

work on some problems i n  t h e  t h e o r y  of p a r t i a l l y  i o n i z e d  gases 

fo r  h i s  t h e s i s .  H e  is a Ph,D. c a n d i d a t e  i n  chemical p h y s i c s  

and is suppor t ed  t h i s  y e a r  by a f e l l o w s h i p .  M r .  G.  Heiche  has  

begun work on a f u l l  phase-shift  c a l c u l a t i o n  of m o b i l i t y  and 

charge exchange c r o s s  s e c t i o n s  f o r  i o n s  i n  gases. H e  is a Ph.D. 

c a n d i d a t e  i n  p h y s i c s ,  and is employed a t  t h e  U.S. Naval Ordnance 

Labora tory .  


